Abstract. After a general introduction to the field, we describe some recent results concerning disorder effects on both 'random walk models', where the random walk is a dynamical process generated by local transition rules, and on 'polymer models', where each random walk trajectory representing the configuration of a polymer chain is associated to a global Boltzmann weight. For random walk models, we explain, on the specific examples of the Sinai model and of the trap model, how disorder induces anomalous diffusion, aging behaviours and Golosov localization, and how these properties can be understood via a strong disorder renormalization approach. For polymer models, we discuss the critical properties of various delocalization transitions involving random polymers. We first summarize some recent progresses in the general theory of random critical points: thermodynamic observables are not self-averaging at criticality whenever disorder is relevant, and this lack of self-averaging is directly related to the probability distribution of pseudo-critical temperatures T c (i, L) over the ensemble of samples (i) of size L. We describe the results of this analysis for the bidimensional wetting and for the PolandScheraga model of DNA denaturation.
Introduction
Random walks and diffusion processes have been the subject of constant interest in mathematics and in physics during the last century, for two main reasons: on the one hand, they play a central role in probability theory, and present a large number of very nice mathematical properties; on the other hand, they naturally appear in a great variety of situations in physics and in biology. We refer the interested reader to the various reviews that have appeared in 2005 to celebrate the 100 years of Einstein's theory of Brownian motion, written either by mathematicians [95, 102, 103] , by physicists [50, 52, 53, 107] , or by 'biology-oriented' physicists [37, 70] .
Conference Proceedings "Mathematics and Physics", I.H.E.S., France, November 2005 In the following, we will be interested in the effects of quenched disorder on random walks: are the usual properties of random walks stable with respect to the presence of some disorder or inhomogeneity? if not, what are the new properties induced by disorder?
To answer these questions, it is important to distinguish from the very beginning what we will call 'random walk models', where a random walk trajectory is generated by local dynamical rules, from what we will call 'polymer models', where each random walk trajectory is associated to a global Boltzmann weight.
RANDOM WALK MODELS: TRAJECTORIES GENERATED BY LOCAL DYNAMICAL

RULES
The usual random walk model is defined on a one-dimensional lattice {n ∈ Z } by the following local dynamical rule: the particle starts at n = 0 at time t = 0, and then at each time step, the particle jumps either on the right or on the left with probabilities (1/2, 1/2). The position n(t) reached at time t scales with the wellknown diffusive behaviour n(t) ∼ t 1/2 .
Quenched disorder can be introduced in two different ways in the local dynamical rules, either in the relative probabilities to jump on the right or on the left, or in the time spent on a site before jumping out of it: these two types define the two basic 'random random walk' models, known respectively as the Sinai model and the trap model.
Sinai model: random bias on each site
The so-called 'Sinai model' has interested both mathematicians since the works of Solomon [129] , Kesten et al. [97] , Sinai [126] , and physicists since the works of Alexander et al. [3] , 46] . There have been many developments in the two communities for the last thirty years: we refer the reader to the recent reviews [128, 136] for the mathematical side and to the reviews [20, [81] [82] [83] 89] for the various physicists approaches.
In the Sinai model, each site n of the lattice is characterized by a quenched random variable ω n ∈]0, 1[ representing the probability to jump on the right, whereas (1 − ω n ) represents the probability to jump on the left. Once these random variables (ω n ) have been drawn on the full line, the random random walk is generated as follows: the particle starts at n = 0 at time t = 0, and then at each time step, the particle being on site n jumps either on the right or on the left with probabilities (ω n , 1 − ω n ). Note that this process naturally appears in various contexts, for instance in the dynamics of a domain wall in the random field Ising chain [65] or in the unzipping of DNA in the presence of an external force [104-106].
Trap model: random trapping time on each site
Trap models propose a very simple mechanism for aging [22, 23] , and have been thus much studied from this point of view, either in the mean field version
